Under general anaesthesia, therapeutic bronchopulmonary lavage was performed in two patients suffering from alveolar proteinosis. In one patient, difficulties were experienced during attempted lavage of the right lung. Fluid trapping occurred when saline was infused down the tracheal (right) lumen of a Carlen's double lumen endobronchial tube and also when a left Robertshaw tube was similarly used. Spillover of saline into the left lung occurred when a right Robertshaw was used. Efficient lavage of the right lung could only be performed after insertion of a White endobronchial tube. In the second patient, both lungs were washed without problem using a left Robertshaw tube after difficulty had been experienced with a Carlen's tube. In both cases venous admixture was least when the lavaged lung was filled with saline. Hypoxaemia increased as the lung was drained. Details of technique are discussed as are problems with double lumen endobronchial tubes used during the procedure.
and inhalation of proteolytic enzyme preparations were all that could be offered and usually resulted in only transient improvement. 4 ,5 Lung lavage was introduced by Ramirez-R, initially as pulmonary segmental lavage. 6, 7 This procedure required limited daily irrigations in conscious, spontaneously breathing patients over a period of weeks and proved to be ineffective in greatly altering the course of illness in those patients with rapidly progressive symptoms.
Clinical improvement became a possibility in severe cases with the introduction of "massive" single lung lavage using double lumen endobronchial tubes. 8 ,9 Wasserman, Blank and Fletcher lO confirmed the therapeutic benefit of the procedure in alveolar proteinosis. Its use in asthma, bronchiectasis and mucoviscidosis is more contentious. ll It has been suggested for other respiratory diseases but it has not yet proven to be an effective part of their management. 12, 13 Despite the value of bronchopulmonary lavage for alveolar proteinosis, there are potential problems which are due to the instillation of a large volume of fluid into one lung or due to difficulties of the endobronchial tube. Some of these problems occurred in two patients described in this report. Case 1 Patient 1, aged 52, a retired army N.C.O. diagnosed as having alveolar proteinosis was referred to the Intensive Care Unit, Concord Hospital in November, 1979 for bronchopulmonary lavage. In 1973 he underwent splenectomy following traumatic rupture of the spleen in a motor vehicle accident. In 1976 he was diagnosed as having chronic myeloid leukaemia for which he had consecutive courses of busulphan, radioactive phosphorus and nitrogen mustard. His chronic myeloid leukaemia was in remission by September, 1979, when he was admitted to hospital with respiratory symptoms.
In June 1978, the patient suffered a severe influenza-like illness with persistent cough and fever. Transbronchial lung biopsy was performed in July and was positive for Pneumocystis carinii. The patient responded well to a course of cotrimoxazole. Over the next 12 months he suffered exacerbations of his respiratory symptoms which responded to cotrimoxazole. However, in September he did not improve on this therapy. Bronchial brushings were negative for pneumocystis, and when lung biopsy was performed he was shown to have alveolar proteinosis.
On 6th November, 1979, bronchopulmonary lavage of the left lung was undertaken. Intravenous and arterial lines were inserted and general anaesthesia induced and maintained with an Althesin infusion. The patient was paralysed with pancuronium and a large Carlen's (left-sided) double lumen endobronchial tube was inserted and intermittent positive pressure ventilation established. A flow directed triple lumen 7 French Gauge pulmonary artery catheter was introduced percutaneously via the right internal jugular vein. Venous admixture (shunt) was calculated.
Using 100% oxygen both lungs were ventilated for 10 minutes and then the left lung "degassed" by clamping the left lumen for a further ten minutes, one lung ventilation being maintained via the tracheal lumen of the Carlen's tube. The patient was then turned onto hi~ left side and normal saline, warmed to body temperature was infused into the dependent left lung to a pressure of 30 cm. Fluid was then allowed to drain. Manual percussion and vibration was applied to the left lung during periods of maximum filling and drainage. Following ten such cycles using volumes of approximately 800 ml the lavage was terminated when the drained fluid, originally a thick creamy yellow colour, cleared to a pale grey ( Figure 1 ). Later protein estimations of the aspirate showed a drop from 8.0 g/l to 0.6 g/l.
The left lung was then re-expanded, the Carlen's tube removed and a soft cuff endotracheal tube inserted and the patient ventilated overnight. He was extubated the next morning.
There was an overall decrease in pulmonary shunt following the procedure ( Table 1) and during each cycle, the shunt was least with the lung filled with saline.
Two days later, again using a continuous Althesin infusion and incremental doses of pancuronium, lavage of the right lung was attempted through a large Carlen's tube with the right lung dependent after auscultation of the lungs revealed no cross ventilation. However, after infusing some 800 ml of normal saline via the right (tracheal) lumen, no saline could be drained. Changing to a large rightsided Robertshaw endobronchial tube and infusing 500 ml of saline, produced more problems when there was spillover into the left lung despite an apparently satisfactory seal at the initial insertion. When a left sided Robertshaw was used, saline trapping similar to that which occurred with the Carlen's tube was again a problem. During these difficulties the patient had become increasingly hypoxic. Approximately 1.5 litres had been infused into the bronchial tree without return. The procedure was abandoned, the patient tilted head down, and suction performed via an endotracheal tube. He was ventilated overnight and extubated the next day.
Ten days later a successful seal of the right main bronchus was secured using a White (right) double lumen endobronchial tube. Efficient lavage of the right lung was possible (16 cycles, total 12 litres normal saline with no retention). On this occasion the patient was anaesthetised with a morphine, diazepam and muscle relaxant sequence.
Following these three sessions the patient showed clinical improvement, some clearing of the diffuse bilateral mottling on his chest X-ray and an improvement in arterial oxygenation (a rise in P a 02 from 67 to 87). The improvement was not sustained and sequential lavage was performed in January, 1980. A Carlen's tube being used for the left and a White tube for the right lung. Again there was clinical improvement but later deterioration. In March 1980 he was treated with a six-month course of trypsin inhalational therapy. The patient's fluctuating course was a result of recurrent infections superimposed on a busulphan induced pulmonary fibrosis.
Lavage was repeated in November 1980, after cough and breathlessness increased. An attempt at right lung lavage proved difficult with the patient supine. The "lung down" position was used. Copious proteinaceous material was obtained in the lavage fluid. As before a large White tube was used. Post lavage pneumonitis resulted in hypoxia. Left lung lavage was postponed until January, 1981, after which the patient showed considerable clinical improvement. Case 2 Patient 2, aged 44, was referred to St. Vincent's Hospital from another hospital. There was a four-month history of increasing dyspnoea which had become incapacitating. He had a dry, irritating cough occasionally productive of a little thick grey sputum.
He had smoked 30 to 40 cigarettes per day but had smoked little recently. He was a plant operator in a very dusty environment and had also been exposed to brake linings with asbestos. There was a six-year history of arthritis of large joints after an episode of acute conjunctivitis and he suffered from Raynaud's syndrome of the left third and right index fingers.
He was tachypnoeic and severely breathless at rest with a respiratory rate of 30 per minute. There was marked central and peripheral cyanosis. The chest was hyperexpanded and he had pectus excavatum. There was use of the accessory muscles of respiration but breath sounds were normal with no adventitious sounds. There was no evidence of right or left sided heart failure.
The haemoglobin was 19.5 gOJo, white cell count was normal. His biochemical profile was normal. Chest X-rays showed bilateral slightly nodular infiltrates with selective sparing of the lower zones. Arterial blood gases on room air were pH 7.40. P a C02 19.4 mmHg, Pa02 58 mmHg, BE -10 mmolll, standard bicarbonate 16 mm/I. An open lung biopsy was obtained from the left upper lobe next day. This showed alveolar proteinosis. Postoperatively he developed bilateral pneumothoraces. The reason for the right pneumothorax was not clear. His general condition deteriorated and the P a 02 had fallen to 48 mmHg despite oxygen by facemask. On 25th October, 1980, he was referred to st. Vincent's Hospital for bronchopulmonary lavage with cardiopulmonary bypass stand by. Before going to theatre his Pa02 on oxygen 12l1minute via a Hudson mask was 54 mmHg. Following preoxygenation for five minutes, thiopentone 300 mg and suxamethonium 75 mg were administered. Despite rapid intubation with an endotracheal tube, the patient's colour deteriorated alarmingly but improved with ventilation with 100% oxygen and the aspiration of whitish-yellow material from the trachea. Anaesthesia was continued with halothane 0.5-1.0% and paralysis maintained with pancuronium. When the patient's condition was satisfactory, endobronchial intubation was carried out with a Carlen's tube. Despite manipulation of the tube and inflation of the cuff with varying amounts of air, it was impossible to prevent the sounds of air entry to the right lung when the tracheal (right lung) side of the double catheter was clamped. A small air leak up the tracheal tube was also present. The Carlen's tube was withdrawn and a left Robertshaw tube inserted. This provided satisfactory separation of the lungs.
The patient was turned into the lateral position with the right side uppermost and lavage of this right nondependent lung conducted in a manner otherwise similar to that described for Case 1. Large amounts of creamy-yellow material were drained. The patient's blood pressure was monitored via a femoral artery cannula as the perfusion of the hands was poor. Central venous pressure was measured through a cannula inserted into the superior vena cava via the right internal jugular vein.
Throughout the procedure, which lasted five (Table 2 ). At the conclusion of the procedure, the pancuronium was reversed, the patient sedated with morphine and ventilation was continued for two hours through an endotracheal tube. Following extubation, the patient's colour remained pink on oxygen by face mask. He felt much less breathless and his respiratory rate had fallen to 26 from a prewashout value of 44 per minute. The Pa02 was 94 mmHg on oxygen by facemask. Four days later, the left lung was washed out without incident except for falls of blood pressure to 60 mmHg systolic on the first two occasions on which the lung was filled with saline. The procedure lasted 3 Y2 hours. During the draining of saline from the lung, the P a o 2 fell, rising again when the lung was filled with saline ( Table 3 ). The patient was discharged nine days after admission. Chest X-ray showed considerable clearing of the diffuse alveolar markings which had been present. He was readmitted two weeks later for reassessment. He was now able to walk two miles without distress and the chest X-ray appeared normal. He is expected to attend for further follow up in the near future.
DISCUSSION
Bronchopulmonary lavage is a useful adjunct to the more conservative techniques of management of alveolar proteinosis. It may have to be repeated several timesY In children, because of the lack of appropriately sized double lumen tubes, it may be necessary to perform lavage whilst the patient is on cardiopulmonary bypass. 14 In Case 2, lavage was performed as a semi-urgent procedure with rapid improvement in the patient's condition. Despite the advantages to be gained by early lavage the technique is not without hazards. Lipmann and Mok 15 have described the anaesthetic management of bronchopulmonary lavage. In addition to the potential interference of anaesthesia and body position with ventilation and perfusion within the lungs, lavage introduces other dangers: 1. hypoxaemia; 2. circulatory disturbances; 3. difficulties in positioning the double lumen tube with saline spill or entrapment.
Hypoxaemia
Bronchopulmonary lavage produces major changes in gas exchange. During the "in" phase, the P a o 2 rises but falls again during the "out" phase of drainage. 16 In Case 1, it was found that the rise in Pa02 was associated with a decreased right to left shunt. Rogers et al. 17 found this decreased shunt when airway pressure exceeded pulmonary artery pressure. Presumably blood is diverted from the lavaged lung to the ventilated lung. The rise in P a o 2 is likely to be highest when the gas exchanging qualities of the ventilated lung have been improved by previous lavage. The P a o 2 is likely to fall to its lowest level towards the end of the "out" phase. This phase should be as short as possible.
There is uncertainty as to the optimal patient position for lavage. As was done for Case 1, most authors have used lavage of the dependent lung. However, Lipmann and Mok 15 have described lavage in the supine position, whilst Costello et at. 18 have suggested that the full lateral position be avoided to prevent gravitational redistribution of pulmonary blood flow to the more under ventilated lung.
In Case 2, lavage was performed on the uppermost lung. Lavage of the underneath lung has the advantage that there may be less risk of spill and ventilation of the upper lung may be less compromised by mediastinal movement and the weight of the lung containing saline. On the other hand, lavage of an uppermost lung has the advantage that the pulmonary blood flow is more easily diverted to the ventilated lung and drainage of the saline is assisted.
Smith et at. 19 recommend that lavage should be carried out first on the side of biopsy when a recent lung biopsy has been performed. Should damage occur at the biopsy site during lavage, the air or fluid will drain through the intercostal tube. The rationale for selecting the right side in Case 2 was the presence of a larger pneumothorax and air leak on that side. However, there was no evidence of fluid leak despite the pneumothorax.
Circulatory disturbances
Hypotension can occur during lavage 9 but does not seem to be a common problem. Rogers et at. 17 found that changes in cardiac output and arteriovenous oxygen content difference were more related to anaesthetic factors than the phase of lavage. In Case 2, this may have been the explanation for the hypotension or it may have been associated with mediastinal shift when a volume of two litres rather than one litre was run into the lung.
Difficulties in positioning the double lumen tube
Difficulties in positioning an endobronchial tube can produce gas leaks to the contralateral lung or to the exterior through the disconnected tube. 2°-23 This occurred in Case 2 with the Carlen's tube but not with the Robertshaw tube. Provided the leak up the open side is not too great, this position is often acceptable for one-lung anaesthesia. In some positions a double lumen tube may produce gas trapping or airways obstruction. 21 During lavage, separation of the pathways to the lungs is essential. 15 Cross leak of fluid has been reported as a complication 9 • 24 and in Case 1, it produced severe hYPQxia. Fluid trapping has not been reported previously but was a puzzling event in Case 1. There are several possible explanations for trapping in the right lung when a left sided double lumen tube has been inserted: 1. uneven inflation of the tracheal cuff with movement of the opening in the tracheal portion against the right wall of the trachea, i.e. a flap valve effect; 2. obstruction of the tracheal opening on the carina; 3. herniation of the tracheal cuff over the tracheal lumen (this seems unlikely in view of the characteristics of the cuff of the Carlen's tube); 4. herniation of the bronchial cuff over the carina with partial occlusion of the right main bronchus.
There is decreasing use of double lumen tubes for intrathoracic surgery. 25 One of the reasons for this may be the problem of satisfactory positioning of the tube. In some cases these difficulties occur with both Carlen's and Robertshaw tubes but are most common with the White (right-sided Carlen's tube)23 despite its successful use in Case 1. An inexperienced physician or intensive care specialist may be unaware of the potential dangers of endobronchial tubes and lack the expertise to diagnose and correct the inappropriate positioning. Some of the pitfalls and the means of avoiding them are listed:
1. A different type or size of tube may be positioned successfully where another has failed. A range of sizes of Carlen, Robertshaw and possibly Bryce-Smith, White or plastic double lumen tubes should be available.
Meticulous auscultation of the lungs
should be performed whilst the cuffs are inflated in the sequence recommended by Black and Harrison 2l with particular attention to the use of low air volumes in the endobronchial cuff. Unfortunately gas trapping may take some time to become severe enough to cause obvious signs. A wheeze may develop over the affected side. 3. Gas leak up the tracheal tube should be overcome by manipulation of the tube rather than further inflation of the endotracheal cuff. The latter manoeuvre may produce gas or fluid trapping with severe hypoxaemia. 4. Potential leaks from the lung to be lavaged to the ventilated lung may be diagnosed by listening to the disconnected tube to the lung to be lavaged or by watching movement of a piece of cotton wool held over it. 15 5. The next "in" phase should be postponed and reassessment of the tube position carried out if bubbles appear in the fluid from the tube to the lavaged side. 6. Auscultation of the lungs should be repeated after clamping of each side in turn after the patient is turned onto the side. It is not uncommon to find that crossventilation occurs even though the tube was satisfactory with the patient in the supine position. 7. Even though the tube position seems satisfactory with the patient in the lateral position, it should be checked during the first lavage cycle because, as the dependent lung fills and becomes heavier, it may fall away from the endobronchial segment of the tube. 8. Where clear evidence of spill to the ventilated lung occurs, the tube must be manipulated or changed before further lavage is done. If no alternative can be found, lavage with smaller volumes of fluid into a dependent lung should be used with the patient in the head-down position. 9. Placement of the tube with the aid of an image intensifier is possible but is not practicable in most institutions. It is not certain that this would avoid further spill or trapping as these problems seem to arise from mismatch of the size and shape of the airways and tubes rather than failure to place the tube in the appropriate bronchus. 10. To ensure the most efficient infusion of saline the lung to be lavaged should be empty of gas. This "degassing" is done by first ventilating with 100070 oxygen for 10 minutes and then clamping the appropriate lumen of the double lumen tube for a further 10 minutes to allow oxygen absorption and lung emptying.
Monitoring
The measurement of arterial blood gases is essential and samples should be taken at moments both when ventilation and perfusion mismatch are likely to be greatest and least. This will usually indicate the urgency of refilling the lung in uncomplicated lavage or of abandoning the procedure when unsatisfactory separation of the lungs has been obtained.
Because of the potential hypoxaemia, electrocardiograph monitoring is mandatory. We recommend continuous monitoring of blood pressure. Central venous or pulmonary vascular pressure may be informative but do not appear to be essential. Provided an isotonic lavage fluid such as normal saline is used, absorption of fluid and electrolytes is small. 13 Most series report loss of 500-1000 ml in total washouts of [15] [16] [17] [18] [19] [20] litres. Changes in serum electrolytes are unusual 13 ,15 and there is no urgent need for their measurement.
Anaesthetic techniques
These have been discussed by Lipmann and Mok. 15 The agents chosen are probably not as important as attention to the management of the airway and monitoring of gas exchange and cardiovascular performance. In the very hypoxic patient, endotracheal intubation and suction should precede attempts at endobronchial intubation as difficulty may occur in passing the double lumen tube through the vocal chords or cricoid area. 2l ,23
Conclusion
Bronchopulmonary lavage is an important technique in the management of alveolar proteinosis. The more hypoxic the patient, the more urgent is the need for lavage. Although it is a relatively simple procedure it is timeconsuming l5 and may be associated with increased hypoxia due to spill or fluid trapping if difficulty occurs in positioning the double lumen tube. These complications may seriously threaten gas exchange which will be further threatened during the drainage phase of the lavage when the venous admixture is greatest. Clinical improvement may be spectacular following lavage and precede major changes in blood gases.
Addendum Case 1
The patient was readmitted in March 1981, with an exacerbation of his myeloid leukaemia and despite nitrogen mustard and radioactive phosphorus therapy his white cell count and platelet count increased.
On March 16 he suffered a stroke which left him hemiplegic, he continued to deteriorate and died on April 5, 1981.
Case 2
The patient was readmitted in June 1981, because of increasing dyspnoea. Chest X-ray showed changes similar to those present on his first admission. Lavage of each lung was undertaken without incident on two days separated by 48 hours.
